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POWER SEMICONDUCTOR ELEMENT WITH AN EMITTER REGION 
AND A STOP ZONE IN FRONT OF THE EMITTER REGION 

5 

Cross-Ref erence to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE99/02082 , filed July 5, 1999, which 
designated the United States. 

rio 

Background of the Invention : 
Field of the Invention : 

The invention relates to a power semiconductor element with an 
1=, emitter region, in front of which a stop zone is positioned, 
Us wherein the conductivities of the emitter region and of the 
p stop zone are opposed to one another. 

In asymmetric thyristors, a reduction in the thickness of the 
component relative to symmetric thyristors is accomplished by 

20 positioning an n stop zone in front of the p emitter on the 

anode side. The n-stop zone is intended to prevent the passage 
of the electric field to the p-emitter, at reverse voltage. In 
this way, the reverse zone makes possible a considerable 
reduction in the total loss of the power semiconductor, 

25 particularly when using highly blocking member such as IGBTs 
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or thyristors, which permit a reverse voltage of more than 3 
kV and whose more than 500 |am thickness is relatively large. 

The higher the stop zone in front of an emitter on the anode 
side in a thyristor is doped, the less the partial transistor 
amplification factor a^^^ will be. Although this entails on the 
one hand an increase in the achievable sweep voltage of the 
thyristor at which the transition from the blocking 
characteristic line to the flow characteristic line takes 
place, on the other hand the conduction voltage also increases 
and with it, the static power loss. The static and dynamic 
losses of the thyristor are therefore coupled with one another 
via the characteristics of the stop zone. 

Summary of the Invention : 

The object of the present invention is to provide a power 
semiconductor component with an emitter region and a stop zone 
in front of the emitter region which overcomes the above-noted 
deficiencies and disadvantages of the prior art devices and 
methods of this general kind, and in which the static as well 
as the dynamic loss are less than that with components 
according to the prior art. 
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With the above and other objects in view there is provided, in 
accordance with the invention, a power semiconductor element, 
comprising : 

an emitter region; 

a stop zone in front of the emitter region; 

the emitter region and the stop zone having mutually opposite 
conductivities ; 

the stop zone having foreign atoms with at least one energy- 
level within the band gap of the semiconductor and at least 
2 00 meV away from a conduction band and a valence band of the 
semiconductor . 

The invention is based on the principle that the stop zone 
needs to be "active" only in the off state of the circuit 
element, but not during its conducting operation. In other 
words, the number of effective doping atoms generated by the 
disruption in the stop zone should change dependent on the 
type of operation (blocking operation or conducting operation) 
of the circuit element. This is achieved in that energy levels 
are created by the doping atoms which, within the band gap of 
the semiconductor material, lie far away from the energy 
levels of the conductance band and the valence band. 
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The power semiconductor element according to the invention 
with an emitter region in front of which there is formed a 
stop zone with foreign atoms, wherein the conductivities of 
the emitter region and the stop zone oppose one another, is 
characterized in that the foreign atoms in the stop zone have 
at least one energy level which lies within the band gap of 
the semiconductor, and which is at least 2 00 meV away from the 
conduction band and the valence band of the semiconductor. 

In accordance with a concomitant feature of the invention, the 
foreign atoms in the stop zone are sulfur or selenium atoms. 

An advantage of the power semiconductor with a stop- zone doped 
with sulfur is that the diffusion constant of the sulfur atoms 
is very high and therefore the stop zone can be easily 
generated . 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in a power semiconductor element with an emitter 
region, in front of which a stop-zone is positioned, it is 
nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be made 
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therein without departing from the spirit of the invention and 
within the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
5 however, together with additional objects and advantages 

thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

10 Brief Description of the Drawings : 

Fig. 1 is a partial sectional view of an embodiment of the 
H' power semiconductor according to the invention with a stop- 
zone on the anode side; and 

jjs Fig. 2 is a graph showing the concentration of the doping 
pj material of the component according to Fig. 1. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
20 first, particularly, to Fig. 1 thereof, there is seen a part 
of a power semiconductor element in the form of a thyristor. 
The thyristor comprises a semiconductor 1 which, in the 
embodiment shown, is weakly n-doped, and which functions as an 
n"-basis. A p-basis 2 is connected to the n"-basis 1, on the 
25 surface of which p-basis an n*-emitter structure 3 on the 
cathode side is arranged with cathode short circuits 4 . 
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On the side of the n"-basis 1 opposite the p-basis 2, a p- 
emitter 5 is located on the anode side. As is known in the 
prior art, the p-emitter 5 is shielded by a stop zone 6 at 
5 reverse voltage from the passage of the field. The stop zone 6 
is n-doped. Phosphorous or arsenic is used as the doping agent 
in the prior art . 

Both emitters 3 and 5 are electrically connected via 
10 metallizations 7 with an external anode connection or cathode 
connection. 

According to the invention, the stop- zone 6 is doped with a 
dopant the energy levels of which in the band gap lie far, 
[Is i.e. at least 2 00 meV, away from the valence band or 

conduction band. In addition to other atoms, sulfur atoms in 
particular represent suitable doping agents since these are 
partially electrically active at room temperature. 

2 0 However, if the sulfur doped region is surrounded by a space 
charge region, these sulfur atoms become completely active as 
double donators, i.e. donators with two released charge 
carriers, so that a sulfur atom is doubly charged. The energy 
levels of sulfur lie so low in the silicon band gap that they 

25 are only completely electrically activated upon establishing a 
space charge region: One sulfur energy level lies 260 meV 
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below the conduction band in silicon, and a second energy- 
level lies 480 meV above the valence band. The silicon band 
gap is 1120 meV. This therefore means that on the one hand, 
the stop zone is only partially electrically active in the on- 
state; the partial transistor amplification factor a^^^ is 
therefore depressed only relatively little and the on state 
voltage can thereby be kept low. The part of the stop zone in 
the off voltage condition surrounded by the space charge 
region can on the other hand be completely activated, which 
therefore results in a very effective stop zone. Therefore, 
the correlation between on-state voltage and off state voltage 
is improved. 

A further embodiment of the power semiconductor element 
according to the invention has selenium as the doping 
material. Selenium has two energy levels within the band gap 
in Si lying about 310 meV and 590 meV below the conduction 
band. 

The doping profile of the circuit element according to Fig. 1 
is represented in Fig. 2. The emitter 3 on the cathode side 
shown at far left in Fig. 2 is n"'-doped. Connected hereto in 
the following order are the p-basis 2, the n"-basis 1, the stop 
zone 6, and the p emitter 5. In the stop zone 6 generated by 
the atoms of the doping agent, two doping gradients are shown, 
indicated as 8 and 9, respectively. The gradient 9 is 


represented as a dotted line. Whereas the doping gradient 8 of 
the stop zone 6 assumes a gradient in the area of the space 
charge region which, seen from the n"-basis 1, rises steeply, 
thereby preventing a passage of the field to the p-emitter 5, 
5 the gradient of the doping profile 9 of the stop zone 6 is 
flattened in the on state voltage, i.e. the charge carriers 
travel out of the n"-basis 1 to the p-emitter 5 or vice versa, 
wherein they "perceive" a markedly weaker stop zone 6. 

0 In the production of a power semiconductor, a stop- zone is 

generated before the emitter region, for example by anode side 
implantation of foreign atoms. Following the implantation of 
foreign atoms such as phosphorous or arsenic, the foreign 
atoms or doping atoms for generating the n-doped stop- zone 6 

5 are diffused into the silicon slice and the crystal lattice is 
annealed. To this end, the semiconductor is subjected to a 
temperature treatment step. The temperature and the length of 
the treatment, depend on the characteristics of the doping 
atoms and of the semiconductor material. Due to the low 

0 diffusion constant of phosphorous and arsenic in silicon, 
relatively high diffusion temperatures and long diffusion 
times must be chosen in the temperature treatment step after 
implantation, namely temperatures of more than 12 0 0°C and 
diffusion times of typically longer than 20 hours. 
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An advantage of sulfur as the doping agent in the generation 
of the stop-zone 6 is that it diffuses relatively quickly into 
the silicon. This allows the diffusion time and the 
temperature to be markedly reduced. Incorporation of the 
5 sulfur atoms can take place by an ion implantation on the 
anode side with a subsequent driving- in step. Typically, an 
implantation dose of between 10^^ and 10^^ sulfur atoms per cm^ 
is used. In this way, and in contrast to phosphorous as the 
doping substance , sulfur results in a reduction of the 
;;io voltage in on-state operation of approximately 10% at a dose 
of approximately 5x10^^ sulfur atoms per cm^ . 

The invention is described above with reference to a thyristor 
as a power semiconductor. Those of skill in the art will 
i5 readily understand, however, that the technical teaching 

disclosed herein can also be applied to other power circuit 
elements such as IGMTs, and so on. 
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